It is increasingly acknowledged that cetacean-based tourism may not be as low in impact as many hope or presume, and that any long term and systematic human interactions with populations of wild animals need to be rigorously monitored and carefully managed. This paper reviews a series of recent developments in the management of tourist interactions with dolphins at Shark Bay (Western Australia). We argue that collectively these developments represent a paradigmatic shift in the way commercial tourism encounters with dolphins are managed. If so, they represent an important and long overdue advance in the general direction of sustainable management. However, the paper also strikes a note of caution. Shark Bay, a well managed site of relatively low level commerical dolphin-watching activities, carries important insights and austere warnings for the many high-intensity/low visitor management dolphin-tourism sites around the world.
Introduction
This paper addresses a series of recent events that we argue collectively represent a paradigmatic shift in the way commercial tourism encounters with dolphins are managed. They also represent a signifi cant step towards sustainable dolphin-based tourism. These events coalesced around a ministerial decision that is, to our knowledge, unprecedented in terms of proactive management of tourist interactions with cetaceans. The wider signifi cance of this development became apparent at the 2nd National Wildlife Tourism Conference (Fremantle, Western Australia, 13-15 August 2006) . The conference represented the intersection of three timely events: (1) the completion and reporting of a fi ve year programme of research (which drew upon over 15 years of data collection) monitoring the impacts of commercial tourism at Shark Bay, Western Australia (Bejder, 2005; Bejder et al., 2006a Bejder et al., , 2006b ; (2) the subsequent ministerial decision (Minister for the Environment, Western Australia) in response to the research; and (3) a draft resolution from delegates at the National Wildlife Tourism Conference supporting that ministerial decision. This paper overviews these developments and considers their signifi cance in terms of the sustainable management of wildlife tourism, both in Australia and elsewhere. It also notes that Shark Bay, a well managed site of relatively low level commercial dolphinwatching activities, carries important insights that should not be ignored, particularly when extrapolated to the many high-intensity dolphin-tourism sites around the world.
Tourist Engagements with Dolphins: The Search for Sustainability
Three decades have passed since Budowski (1976) wrote that tourism and conservation may exist in a relationship of confl ict, co-existence or symbiosis, and that most commonly the relationship is one of confl ict, or co-existence moving towards confl ict. Since that time many words have been both spoken and written to the effect that tourism may contribute in meaningful ways to conservation, and that there is perhaps potential for symbiosis (Beaumont, 2001; Higham & Carr, 2002; Orams, 1997; Tarrant & Cordell, 1997) but 30 years after Budowski (1976) , examples of genuine symbiosis remain the exception rather than the rule. In many parts of the world the evidence for symbiosis between tourism and conservation interests is either non-existent or, at best, worryingly obscure (Higham, 2007) . One could be forgiven for thinking that, at least at the present time, co-existence is the best that can be hoped for.
Within the broad fi eld of nature-based tourism, this appears to be particularly true of wildlife-tourist interactions (Duffus & Dearden, 1990; Higham, 1998) . The interactions of wildlife populations with tourists have, rather belatedly, become acknowledged for their complexity (e.g. in reference to tourist engagements with cetaceans, see Beale & Monahan, 2004; Bejder et al., 1999 Bejder et al., , 2006c Constantine, 2001; Corkeron, 2004; Gill et al., 2001; Williams et al., 2002) . Herein lies a critical test for tourism sustainability.
The recent 2nd Australian National Wildlife Tourism Conference which was hosted by Wildlife Tourism Australia (WTA) and the Forum Advocating Cultural and Eco-Tourism (FACET) took place in Fremantle, Australia in August 2006. The conference explored issues surrounding the development and long-term sustainable management of wildlife tourism in more critical detail than previously. It succeeded in highlighting and exploring a range of key issues that are central to the sustainability of wildlife-based tourism. These included the dynamic nature of tourist engagements with wildlife as tourism develops over time (Dearden, 2006) and the complexity of achieving rigorous insights into wildlife responses to anthropogenic pressure, particularly in relation to long-term biological signifi cance (Bejder et al., 2006a (Bejder et al., , 2006b (Bejder et al., , 2006c .
Two clear conclusions to emerge from the conference were (1) that it is only with rigorous scientifi c research that we can begin to understand the complex relationship that prevails when tourists engage with wild animals (individual animals or populations of animals) and, (2) managers must be responsive to the outcomes of rigorous science. These outcomes were clearly articulated in a series of draft resolutions that were developed at the conclusion of the conference to actively infl uence the legislative and managerial context for wildlife tourism in Australia (FACET, 2006) . One paper, which reported on a fi ve year monitoring research programme at Shark Bay (Western Australia), contributed to the drawing of these conclusions with particular intensity (Bejder et al., 2006a (Bejder et al., , 2006b ).
Tourism at Shark Bay (Western Australia)
The dolphins of Red Cliff Bay, and particularly those who visit Monkey Mia, Shark Bay, are of very high economic signifi cance to the local community. Monkey Mia receives over 100,000 visitors annually, 69% of whom come primarily to see dolphins (Reark Research, 1995; Stoeckl et al., 2005) . Since the 1960s, several dolphins have received fi sh handouts from humans at a beach in Monkey Mia (Connor & Smolker, 1985) . At present, fi ve adult female dolphins are provisioned with strict supervision by wildlife rangers. Vessel-based dolphin watching also occurs in the Red Cliff Bay area off Monkey Mia. One commercial dolphin-watching tour vessel has been operating within Red Cliff Bay since 1993. A second license application was approved in 1997 by the Marine Parks and Reserve Authority and by the Minister for the Environment. In August 1998, the then Department of Conservation and Land Management (CALM), now Department of the Environment and Conservation (DEC), made a license available to the second commercial tour-vessel operator.
When the second commercial dolphin-watch permit was issued in 1998, the Marine Parks and Reserve Authority proposed that CALM carry out research and monitoring to assess the potential impacts of additional commercial and recreational dolphin-watching vessels on dolphins off Monkey Mia. In response to this visionary decision, a four year research programme commenced in April 2000, partly funded by the two license holders via license fees and by CALM. In December 2000, when both licenses were renewed for three years, both operators were advised that further license renewal applications would be conditional upon consideration of the results of the research and monitoring of possible impacts. Subsequently, both licenses were renewed until December 2005 while the research was being completed.
Shark Bay Dolphin Research
Investigations of anthropogenic disturbance often must generate timesensitive information under crisis conditions. However, investigators regularly fend off issues of scale, both in time and space, problems in research design and a lack of baseline data for comparative analysis (Bejder & Samuels, 2003) . Studies evaluating the effects of human activity on wildlife typically emphasise short-term behavioural responses, from which it is diffi cult to infer biological signifi cance or formulate plans to mitigate harmful impacts (Lusseau & Higham, 2004) .
Fortunately, the bottlenose dolphin population of Shark Bay is one of the beststudied cetacean populations in the world (e.g. Connor & Smolker, 1995; Connor et al., 1992 Connor et al., , 1999 Krützen et al., 2003; Mann et al., 2000; Smolker et al., 1992) . At this location, dolphin research commenced in 1984, nine years prior to the advent of vessel-based dolphin-watching in the area. Signifi cantly, data were available both before and during vessel-based dolphin-watch tourism and at two tourism levels (control and tourism sites), and there existed identifi able subsets of the population with very different levels of encounter with tour vessels. This provided for before/after and control/impact comparisons -a powerful research design referred to as a 'BACI' design (Before-After-Control-Impact) that monitors impact variables over time and space in response to stimuli (Underwood, 1991 (Underwood, , 1992 . By choosing adjacent tourism and control sites, it is unlikely that differences in changes in impact measures between sites and time periods are attributable to confounding factors (e.g. changes in prey or predator abundances) since the effects of such would likely infl uence both adjacent sites similarly (Bejder et al., 2006b) . This allowed for the documentation of long-term responses to an expanding dolphin-watch tourism industry in the area.
Research Outcomes
Based on decades of detailed behavioural records, dolphin abundance was compared within adjacent 36 km 2 tourism and control sites, over three consecutive 4.5-year periods wherein research activity was relatively constant but tourism levels increased from zero, to one, to two dolphin-watch operators. When comparing periods of no-tourism and one-operator within the tourism site, there was no change in dolphin abundance per km 2 ; however, as tour operators increased to two, there was a signifi cant average decline of 14.9% in dolphins per km 2 , approximating to a decline of one per seven individuals. Concurrently, within the control site, there was a non-signifi cant average increase of 8.5% in dolphins per km 2 . While acknowledging that research vessels are likely to have contributed to documented effects, it was concluded that, given the substantially greater presence and proximity to dolphins by tour vessels relative to research vessels, tour vessel activity was identifi ed as the more signifi cant contributor to declining dolphin numbers within the tourism site (Bejder, 2005; Bejder et al., 2006a Bejder et al., , 2006b ).
The local decline was not part of an overall population decline because an opposite trend occurred in the adjacent non-tourism site, and the local decline was not explained by ecological factors, that would have had equivalent effects in the adjacent control site. Possible between-site differences in immigration or mortality could not be discounted, and differential recruitment via reproduction is under investigation. Specifi cally, analyses indicate that the female dolphins with high exposure to tour vessels are less successful at reproducing compared to the lower-exposed females (Bejder, 2005) . Although this trend would not jeopardise the large, genetically diverse Shark Bay dolphin population, the decline in dolphin abundance and decreased reproductive success of exposed females was deemed unlikely to be sustainable for local dolphin tourism.
Recommendations based on these results included imposing a moratorium on research permits and reducing the current exposure of dolphins within the tourism area to tour-vessels by 50%. It was proposed that, in theory, a range of management options were available to reduce the current level of exposure of individual dolphins to tour vessels. However, a feasibility analysis would be needed in order to evaluate which of these options are most viable ethically, practically and fi nancially. The Minister of the Environment clearly stated that the Monkey Mia tourism industry was largely based on the dolphin experiences and the withdrawal of one license was a necessary sacrifi ce for the long-term sustainability of the area. An expression of interest process is currently being undertaken to determine the sole operator (Naturebase, 2006) . Signifi cantly, the 2nd Australian National Wildlife Tourism conference delegation supported the ministerial decision of July 2006 in its conference resolutions (FACET, 2006) . In Shark Bay the dolphin-watching tourism industry is licensed and controlled, yet measurable impact over a relatively brief period has been documented. If the fi ndings at this site of low-level tourism are extrapolated to the many highlevel tourism sites around the world (e.g. killer whales in British Columbia, Canada (Williams et al., 2002) bottlenose dolphins in the Bay of Islands, New Zealand (Constantine et al., 2004) and bottlenose dolphins in Port Stephens, Australia (Allen et al., in press) one might conclude that cetacean-based tourism is not be as low-impact as previously presumed. Given the scarcity of studies with adequate controls or longevity to fully evaluate tourism impacts, a cumulative impact, like that detected in Shark Bay, will probably go unnoticed for many years, perhaps decades, if detected at all. Thus, management deliberations must draw strong inference from the best-documented sites, such as Shark Bay, where long-term, individually specifi c information can be taken into account.
There are perhaps signs to suggest that the paradigmatic shift observed at Shark Bay, and the warning signalled in the previous paragraph, may be adhered to at other international sites where tourist activity focuses on engagement with cetaceans. A long-term monitoring programme focused on reducing interference of resting schools of spinner dolphins (Stenella longirostris) in Kealakekua Bay (Hawaii) is currently being established by the State of Hawaii Department of Land and Natural Resources (DLNR) which has received approval to establish a temporary human exclusion area (HEA) over a 12 month period (Ania Driscoll-Lind and Jan Östman-Lind, pers. comm). After a one year trial period, DLNR will implement a more permanent management protocol, which may include the continued use of a human exclusion area. At the same time, a recent Advanced Notice of a Proposed Rule (ANPR) generated by the National Marine Fisheries Service (NMFS) Protected Resources Division will present the creation of exclusion zones as one possible management rule to be added to the US Marine Mammal Protection Act. This rule will be specifi c to spinner dolphins in Hawaii (Ania Driscoll-Lind and Jan Östman-Lind, pers. com). Lusseau's (2004) research on a small and genetically isolated population of bottlenose dolphins (Tursiops spp.) in Doubtful Sound (New Zealand) also clearly demonstrates the complexity of managing tourist interactions with dolphin populations. His research identifi es critical behaviours, namely resting and socialising, that are commonly discontinued when dolphins are accompanied by tour vessels (Lusseau & Higham, 2004) . The clear conclusion is that the regions where these critical behaviours most commonly take place must be protected from anthropogenic interference. The small and genetically isolated character of this population of bottlenose dolphins adds to the urgency of appropriate management responses. While no such responses have yet been forthcoming, the opportunity to follow the Shark Bay example (Bejder et al., 2006a (Bejder et al., , 2006b Ministry Media Statement, 2006) , and enact management initiatives that are responsive to robust scientifi c research fi ndings in pursuit of long-term sustainability, clearly exists.
Conclusion
Recent research, socio-political decision-making, tourism management and conference outcomes in Western Australia represent a series of critical developments in our understanding of the sustainable management of wildlife tourism. We argue that collectively these developments represent a paradigmatic shift in accepting that wildlife tourism can be unsustainable. The ministerial decision taken by Mr McGowan (Minister of the Environment) in 2006 may be unprecedented in a wildlife tourism context. It represents a socio-political complement to a science programme in which a demonstrated negative impact on cetaceans was considered to be unacceptable. This differs signifi cantly from what Fennell and Ebert (2004) refer to as the 'precautionary principle'. In this case scientifi c rigour in research and monitoring has replaced the need for a precautionary approach borne from ignorance or uncertainty surround the critical elements of tourism that are likely to determine long-term sustainability.
The 2nd National Wildlife Tourism Conference draft resolutions contribute to the same end. They were developed with the intention that they guide research and advocacy as well as inform state/federal decision making relating to wildlife tourism in Australia. The resolutions include support for the ministerial decision relating to dolphin-based tourism in Shark Bay (FACET, 2006) . These developments represent a competitive advantage for the continuing development of wildlife tourism in Western Australia. To our knowledge they demonstrate a greater commitment to sustainable wildlife tourism, and the protection of animal populations from impacts of tourism development, than anywhere else in the world currently.
However, it is important to note that Shark Bay is unique in many important respects. It is a geographically remote site, where a relatively small industry is supported by excellent science and where a robust legislative context provides for an advanced management regime (i.e. a rigorous system of operator licensing). This is a rare combination, indeed relatively few sites internationally are subject to robust legislation and sound management, and fewer still are afforded the benefi ts of good science. Nonetheless, it is likely that in time the events reported in this paper will justifi ably be recognised as representing a major threshold in thinking regarding the long-term sustainability of wildlife tourism. Such a signifi cant advance has been at least 30 years in the waiting.
